• CONCLUSION: The expression of Angptl 8 is increased in PDR, and the increased Angptl 8 can promote proliferation and increase proliferation-related factors.
INTRODUCTION

D
iabetic retinopathy (DR) is a main reason of adult blindness for 20-74 years old that involves multiple complications [1] [2] . About 1/3 of diabetic patients have DR related symptoms, such as micro-aneurysms, cotton wool spots, and of which 1/10 patients have impaired vision [3] .
Although laser is the conventional treatment of DR, some patients are not sensitive to that. Recently, vascular endothelial growth factor (VEGF) is found to be increased significantly in aqueous humor of DR. VEGF is an important endogenous mediator that can destroy the blood retinal barrier [4] [5] .
Therefore, vitreous body injection of VEGF inhibitors is now used for the treatment of DR in developed countries. However, there are still 1/3 patients who do not respond to such treatment. Therefore, we urgently need a new drug to treat DR. DR is mainly divided into two stages of non-proliferative diabetic retinopathy (non-PDR) and proliferative diabetic retinopathy (PDR). Non-PDR can be divided into light, moderate and severe, which have main symptom of micro-aneurysms, hemorrhage, cotton wool spots, micro-vascular malformation and venous bleeding [6] . Retinal pigment epithelium (RPE) cell, which is involved in the formation of retinal vascular barrier and participate in the maintenance of retinal homeostasis [7] . RPE has been reported to play an important role in formation of PDR. In diabetes, persistent hyperglycemia could activate RPE cell proliferation and migrates through retinal breaks [8] . At the same time, activated RPE cells release large amounts of growth factors, activate vascular endothelial cells to form abnormal proliferation of blood vessels, and finally lead to PDR [9] . In PDR, there exists a large number of cytokines in the sera and aqueous humor of diabetic patients, which forms positive feedback and aggravates the formation of new blood vessels [10] . Therefore, these cytokines provide a new target for finding a new drug in the treatment of PDR. Angiopoietin-like protein 8 (Angptl 8) is a newly discovered cytokine, which is mainly expressed in liver and adipose tissue. The expression of Angptl 8 is regulated by many hormones such as insulin and thyroid hormones. Elevated Angptl 8 is involved in the regulation of lipid metabolism, autophagy and cell proliferation [11] . Recently, it has been reported that the sera of diabetic patients with PDR have an increased expression of Angptl 8, as well as in aqueous [12] , which suggests that Angptl 8 may be involved in the regulation of PDR. We are studying the potential role of Angptl 8 so that it can be developed as a therapeutic target in PDR.
SUBJECTS AND METHODS Subjects
In order to clarify whether Angptl 8 is involved in the occurrence and development of PDR, we first collected the aqueous humor of 10 idiopathic macular hole patients (non-DR) and 10 PDR patients according to the previous study [12] . Then we collected the sera of healthy volunteers, idiopathic macular hole (non-DR) patients, non-PDR patients and PDR patients. The Angptl 8 expression in the aqueous humor and/ or sera was detected by enzyme linked immune-sorbent assay (ELISA). This study followed the ethical principles for medical research involving human subjects as per the Declaration of Hensinki and was appoved by Yantai Yuhuangding Hospital. The nature and possible consequences of the study have been explained to all participants and written informed consent was obtained before participation. Diabetes Model Wild-type mice (WT; C57BL/6J; 8-weekold) were purchased from Beijing Hua Fukang biological Polytron Technologies Inc, male. All experiments were in accordance with animal ethics. According to previous study [13] , 8-week-old WT male mice were fasted for 24h and followed by intraperitoneal injection of streptozotocin (55 mg/kg body weight) for every 5d. At the same time, insulin (0-0.2 U every 2-3d) was given to keep a slow increase rate of weight gain with symptoms of high blood sugar, polyuria, and bulimia. Hyperglycemia was determined by measuring glucose concentrations in blood and glycated hemoglobin levels every 2 to 3mo [14] .
Spatial Frequency Threshold and Contrast Sensitivity
Spatial frequency threshold and contrast sensitivity were measured according to the previous study [13] . The virtual optokinetic system (VOS) apparatus was used to measure spatial frequency threshold and contrast sensitivity. By varying the contrast and spacing of moving "bars", the spatial frequency threshold and contrast sensitivity were determined. Spatial frequency was determined as the maximum spatial frequency capable of driving head tracking. Contrast sensitivity was measured at six various spatial frequencies. Each measurement was repeated several times. Cell Culture and Reagents Human RPE cells (ARPE-19 cell line) were obtained from Shanghai Chinese Academy of Sciences and were cultured in Dulbecco's modified eagle media (DMEM; Gibco, Invitrogen, Grand Island, NY) with 10% fetal bovine serum (FBS; Gibco, Invitrogen), 100 units/mL penicillin, and 100 μg/mL streptomycin (Sigma, St.Louis, MO, USA) at 37℃ under 5% CO 2 and 95% humidity [15] .
MTT Assay
The cell proliferation measurement was conducted according to the instructions. Briefly, RPE cells were plated into a 96-well culture plate at a density of 1×10 4 cells/per well.
After attachment, the cells were starved with DMEM containing 1% FBS for 24h and then the culture medium was changed to DMEM containing 10% FBS for another 24h. At the same time, the RPE cells were treated with various concentrations of Angptl 8 protein (R&D, MN, USA). After 24h, MTT was added to the culture medium and the cells were incubated for an additional 4h (sigma, St. Louis, MO, USA). Absorbance was measured at 570 nm (Dynatech Medica, Guernsey, UK). Enzyme Linked Immune-sorbent Assay Serum and aqueous of diabetic patients and mice were analyzed for Angptl 8 level using commercially available enzyme-linked immune-sorbent assay (ELISA, R&D, MN, USA). All collected sample was centrifuged and stored at -70℃ until analysis. Measurements were conducted according to the manufacturer's instructions. Western Blot Western blot was conducted according the previous study [8] . Protein extraction and protease inhibitor kits (Pierce) were used to extract the cell protein. Cell lysates were cleared by centrifugation at 12 000× g at 4℃ . The supernatant was collected, and the protein content of each lysate was measured using a BCA Protein Assay Kit (Tianlai Shengwu Jishu, Tianlai, China) according to the manufacturer's instructions. Equal amounts (80 μg) of protein was used to conduct Western blot. The membrane was incubated by anti-PCNA and anti-β-actin antibodies (CST, USA) for 24h. Proteins were visualized using enhanced chemiluminescence according to the manufacturer's recommendations. PCNA band densities were normalized to each β-actin internal control. Polymerase Chain Reaction Two μg of retinal RNA was converted into cDNA in a total reaction volume of 25 μL. The mixture was incubated for 60min at 42℃ and reverse transcription was terminated by incubation at 95℃ for 5min. The real-time polymerase chain reaction (PCR) assays were performed using iQ Supermix (Bio-Rad, Hercules, CA) with each 20 μL reaction mixture containing 2 μL cDNA, 7.2 μL sterilized water, 10 μL SYBR Green real-time PCR master mix, and 0.8 μL of each primer (10 μmol/L). Thermo-cycling conditions consisted of 3min at 95℃ for activating the iTaq DNA polymerase and 35 cycles of 20s 95℃ denaturation step, 15s 63℃ annealing step, and 15s 72℃ extension step. The aim gene was normalized to GAPDH and calculated using the equation: Fold change=2
. The primer sequences are shown in Table 1 . Statistical Analysis All data were presented as mean±SD and evaluated for normality of distribution. Statistical differences were evaluated using ANOVA followed by Student-NewmanKeuls test for multiple comparisons and the Student's t-test for pairwise comparisons. P<0.05 was considered significant.
RESULTS Expression of Angptl 8 in the Sera and Aqueous Humor
The expression of Angptl 8 in aqueous humor of PDR patients was increased (t=10.42, P<0.0001; Figure 1A ). At the same time, we collected the sera of healthy volunteers, IMH (non-DR) patients, non-PDR patients and PDR patients ( Table 2) . The results showed that the Angptl 8 expression in sera of PDR patients was higher than that in other groups (F=99.02, P<0.0001; Figure 1B ). All the results suggest that Angptl 8 may be involved in the development of PDR.
Overexpression of Angptl 8 Aggravation of the Visual Damage Caused by Proliferative Diabetic Retinopathy
Glycated hemoglobin levels were up-regulated after streptozotocin injection for 6mo, which indicated the development of a successful diabetic model (t=22.61, P<0.01; Figure 2A ). Angptl 8 expression was significantly increased in sera of diabetic model (t=9.23, P<0.01; Figure 2B 486±0.042 vs 1.000±0.104, t=4.33, P<0.05 ; Figure   3A ). Angptl 8 can also increase proliferation related PCNA expression in RPE cells (0.55±0.01 vs 0.29±0.03, t=8.22, P<0.05; Figure 3B ). It has been reported that Angptl 8 could promote cell proliferation by up-regulating the expression of various proliferation activation factors [16] [17] . Angptl 8 could Figure 4A-4E ).
DISCUSSION
In our study, we firstly found that Angptl 8 expression was increased in the sera and aqueous humor of diabetic patients and mice. The main mechanism of Angptl 8 in PDR is to increase RPE cells proliferation by up-regulating proliferationactivating factors and down-regulating proliferation-inhibiting factors.
Our study shows that Angptl 8 can improve PDR-induced visual impairment. In the process of PDR, elevated blood glucose stimulates various cells to release cytokines, such as VEGF [18] [19] . The increased cytokines in blood also increase the cytokines in aqueous humor by blood retinal barrier, which led to the formation of microenvironment around RPE cells and thus promotes the RPE cells proliferation [20] [21] . To identify the cytokines in the sera and aqueous humor is of great significance for the treatment of PDR. The previous study showed that the expression of Angptl 8 was significantly higher in the sera and aqueous humor of patients with PDR than that in patients with non-PDR [12] . In our experiments, we also found that the Angptl 8 expression was increased in the sera and aqueous humor of PDR patients and mice, which is in accordance with the previous study. Overexpression of Angptl [22] . Recently, several studies also
show that Angptl 8 can promote the proliferation of pancreatic β-cells [16] . In our experiment, we also found that Angptl 8
promotes PDR mainly by increasing the proliferation of RPE cells. The proliferative mechanism of Angptl 8 is up-regulation of proliferation-activating factors cyclin A1, cyclin F and E2F2, and down-regulation of proliferation-inhibiting factors cdkn1a and cdkn2a.
